IN the early method of Zuntz [1867] and its various modifications by Lassar [1874], Jaquet [1892], Loewy [1894] , Wright [1897] and Snapper [1913] a dilute solution of acid was added to a known volume of serum until a drop of the mixture changed the tint of an indicator paper, litmus, lakmoid or neutral red as the case might be. The particular end-point depended upon the predilection of the observer. In terms of modern physical chemistry, the serum was titrated to an arbitrarily chosen p2H.
that the amphoteric proteins took part in the reaction. He came to the conclusion that the only definite and important measurement of blood alkalinity was its CO2 combining power. The general use of the gasometric method of Van Slyke and Cullen [1917] indicates the recognition of the soundness of Meyer's reasoning.
It is difficult to say what is the PH of a drop of serum which just changes the colour of red litmus paper because of the considerable "salt" error of azolitmin. Kolthoff [1922] found the error to be as much as + 1 0 PH in the presence of 05 normal NaCl; that is the hydrogen ion concentration was ten times what the colour indicated. The more the NaCl is concentrated in the drop by evaporation the greater will be the salt error. We find that a sensitive glazed red litmus paper is slightly blued when a drop of M/15 phosphate solution of PH 6 50 remains upon it for a few minutes, but is not allowed to dry. A similar solution of PH does not produce an appreciable alteration of colour. It would appear, therefore, that one is titrating to an end-point of PH 6-47 but as the phosphates are concentrating all the time in the drop, the real pH will be a little lower from the increasing "salt error" of the azolitmin.
Titration even to 6-5 indicates an alkalinity of the blood considerably greater than that determined gasometrically. In addition to the base balanced by HCO3' a variable amount associated with the proteins is titrated, depending upon the litmus paper used, the time allowed for the CO2 to escape from the drop and the degree of change in tint which the observer decides upon as his end-point.
Although these indicator-paper methods afford useful comparative information, a method which only measures the base present as bicarbonate is preferable. Granted that the proteins, especially haemoglobix, are mnostly responsible for the buffer actioni, it is only the alkaline bicarbonate and the respiration which are available for adjusting the reaction of the blood. Consequently, during recent years, the gasometric method of Van Slyke and Cullen [1917] has been generally adopted.
The miiethod about to be described was devised by one of us, whilst abroad during the war, to mieasure the bicarbonate in blood-serum under circumstances in which the imieans to carry out Van Slyke and Cullen's imethod were not available.
It seeimed likely that by titrating a small quantity of serum diluted with NaCl solution, and shaking out the CO2 imeanwhile, an end-point could be found at which the value obtained corresponded with the aimount of alkali, as bicarbonate, determined gasometrically after the serum had been brought into equilibrium with alveolar air. After trial of titration to different enid-points, it was found that when the indicator used was neutral red, the end-poinit sought was when the colour matched that of a M/15 solution of phosphates of pH 7 07 to which a similar amiount of indicator had been added. That the neutral point is the most suitable end-point is fortuitous. The reaction is a little acid of this, as neutral red has a small protein error. The real pl is about 70.
The method was demonstrated at a meeting of the Biochemical Society in November, 1918, but was not published at the time because neutral red was not an entirely satisfactory indicator owing to gradual precipitation when the neutral point was approached. It was hoped to overcoimie this difficulty or to substitute another indicator. We have not been able to find another indicator to replace neutral red but have succeeded in obviating the separation During the last few years we have used the method in clinical and experimnental work and found it handy and reliable. Its merits are the simplicity of the apparatus and the small quantity of serum (0.25 cc.) required. It affords results which agree with the gasometric with an error not exceeding ± 5 % as is seen froin the observations in Table I . In these the gasometric estimations were miade by one observer and the titrations by another.
Meanwhile, Van Slyke, Stillman and Cullen [1919] have described a titration method, with neutral red as indicator, as an alternative to the gasoinetric method. Their method differs somewhat from ours. To 2 cc. of plasma, 5 cc., t.e. excess, of 0-02 N HCI is added and the CO2 shaken out. The acidified serum is diluted with 20 cc. of water and titrated back with 0-02 N NaOH to an endpoint corresponding with the colour of M/8.5 phosphate solutionl of pu 7-4. The results recorded agree with the gasonmetric titration within 7 %. Van Slyke [1922] has recently elaborated this method and increased its accuracy by using the actual plasma, collected without loss of CO2 and diluted to a similar extent, as the standard to titrate to. This procedure obviates a number of smlall errors and renders the imiethod unexceptionable, but the determiniation cannot be carried out upon less than 10 cc. of blood.
EXPERIMENTAL PROCEDURE.
Collection of the saiiiples of blood. The blood is drawn from the ear into a collecting tube made fronm a piece of glass tube of 7 mnmn. internal bore, sealed at one end and drawn out at the other until the internal bore is about 1 nmm. The length from the sealed end to the shoulder slhould be about 4 cm. It will then conveniently contain up to 1 cc. of blood. The collectinig tube must have a small hole blown near the drawn-out eind to pernit the air to escape as the blood enters (see Fig. 2 ). Before use a few crystals of oxalate and a tenth of a cc. of liquid paraffin are introduced into it. A free puncture of the skin is made and the capillary end applied to the drop of blood, which then flows into the tube and under the paraffin. The plasma is separated from the corpuscles by centrifuging.
The amount of CO2 lost and consequent emigration of H and Cl ions out of the corpuscles by collecting blood in this way is not sufficient to introduce a serious error. The discrepancy would appear to be about 2 00. It was determined by the following experiments in which the amount of exposure to air closely simulated that which occurs when blood is drawn froim the ear.
A piece of rubber pressure tubing bearing a screw clip was placed on the upper end of a 1 cc. pipette; the tip was put into some blood which had been collected under paraffin and the pipette filled by suction. The screw was tightened and the pipette clamped in a holder. By relaxing the screw clip the blood was allowed to escape from the pipette in drops. As each drop fornmed it was run into one of the blood-collecting tubes under paraffin. When sufficient blood had been collected in the tube the plasma was separated by centrifuging. At the same time some of the original blood was centrifuged. Observations were made upon four samples of blood. In Table II below, the titration values, expressed as volumes CO2 % in the plasmas, are set forth. 4. Sodium chloride 3-5 %.
5. Alcohol 40 %.
6. A solution of burnt sugar which has been carefully neutralised and to which toluene has been added to prevent moulds growing in it.
Details of the titration. 0-25 cc. of plasma is drawn up into the graduated pipette and delivered into the flask. The pipette is washed out to the mark three times with the saline. 1 cc. of the 40 % alcohol is then added, so that the flask contains 2 cc.
The contents are mixed and the rubber stopper carrying one of the test tubes inserted. The flask is inverted, so that the contents run down into the test tube, and placed in this position in the colorimeter.
2 cc. of the phosphate solution are placed in another of the tubes and this is put in the colorimeter beside the plasma. A small quantity of the solution of burnt sugar is then added to it with a fine dropping pipette until it matches the colour of the plasma. Another cc. of phosphate is added and five to eight drops of the indicator, the depth of colour chosen depending on personal preference.
Acid is then run into the flask from the micro-burette until the contents become bright pink. The fluid is well shaken by swirling it round the flask, the air being frequently changed by inserting a piece of wide bore glass tubing and inhaling through it. Exhalation in the immediate neighbourhood of the flask must be avoided. As the CO2 is removed the colour of the fluid changes to an orange tint again. The shaking out process is repeated after each addition of acid. As the end-point approaclies, single drops of acid are added and the stopper is placed in the flask, the flask inverted and the colour of the contents compared with that of the phosphate tube.
The amount of acid added when the plasma is just alkaline to the phosphate, matches it, and is just acid are noted, and the mean between the first and last readinogs is taken as the end-point. With a little practice the alkaline and acid points lie 0-01 on either side of the match. Much more shaking is required to get rid of the last traces of CO2 than might be anticipated. It is necessary to continue to add acid until the fluid remains definitely pink and it is impossible to alter the colour by further shaking and aeration.
If the end-point is accidentally overshot it is possible to titrate back with M/50 sodium bicarbonate, shaking out meanwhile. Sodium hydroxide must not be used, as it is difficult to shake in CO2 from atmospheric air in a reasonable length of time.
DISCUSSION. Our method is frankly empirical but it is appropriate to discuss why it is necessary to titrate to an apparent end-point of pfE 7 07 (really pIT 7.0) to arrive at the alkali present as bicarbonate instead of to the pII of blood which is about 7-3 after cooling to 180.
The reason appears to be that the whole of the bicarbonate cannot be estimated unless the air with which it is broiught into equilibrium is entirely free from CO2. In the dilute solutions of bicarbonate with which we are working the small amount left undetermined is very significant. If, on the other hand, the solution is entirely freed from CO2 and bicarbonate, by acidifying and shaking out the C02, practically the whole of the bicarbonate can be estimated by titrating back to the pEX of blood with NaOH. This is the principle of the method of Van Slyke, Stillman and Cullen [1919] .
The amount of bicarbonate untitrated, when 0-25 cc. of 0-02M NaTICO3 made up to 2-5 cc. with saline is estimated by our method can be derived from Hasselbalch's [1917] As, when seruni is substituted for pure NaHCO3 solution, the value obtained agrees with the gasometric when the titration is carried to PH 7 07, some compensation must occur. In serum, leaving aside the NaCl and the small amount of phosphate, the basic ions are balanced by the ions of two weak acids, H2CO3 and protein. The amount of base balanced by the latter depends on the hydrogen ion concentration. If titration is taken to PlI 4 7, the isoelectric point of serum albumin, the whole of this base can be titrated. If the titration is taken to a cH1 short of this only a proportion of the base will be titrated. It would appear that when acid is added until the pH = 7 07, the amouint of base balanced by protein which is titrated about equals the amount of bicarbonate untitratable.
To ascertain whether varying the PH by about 0-3, i.e. doubling the CH, would increase the base balanced by HCO3' at the expense of that balanced by protein anions sufficiently to effect the above compensation, we determined the "alkali reserve" of a serum gasometrically, according to the method of Van Slyke, firstly when the serum was brought into equilibrium with 41-7 mm. pressure of CO2 and secondly with 86-6 mm. pressure of CO2. In the first case the volume CO2 % (as bicarbonate) obtained was 50-2, in the second 551.
The bicarbonate in the serum was therefore 0O0223M and 0-0245M respectively; an increase of 10 %. The pressure of CO2 was 2-08 times as great in the second as in the first of our experiments. This would diminish the PH by 0-32, approximately the difference between 7-4 and 7 07. It appears, therefore, that, under the conditions obtaining in our method, the bicarbonate untitratable in the presence of air containing 0-05 % CO2 and the amount of protein base titrated by changing the end-point 03 PH are of the same order of mag-* a18' CO2 is coefficient of absorption of CO2 in water at 180.
nitude. We conclude, therefore, that the compensation is brought about in this way.
About 9 % of the bicarbonate is untitrated when the air contains 0-05 % C02. If the amount of C02 in the air of the room increases, the untitratable bicarbonate increases but the amount of protein base titrated does not vary. Consequently, a lower value is found. This is quite obvious when working in an ill-ventilated laboratory; in fact, variation in the C02 of the air is the chief source of error inherent in the method.
